The empirical analysis of the present article evaluates the linkages between the Eastern Europe stock markets of Bulgaria, Czech Republic, Estonia, Hungary, Poland, Romania, Russia, Serbia, Slovenia and Ukraine. All the markets belong to former socialist economies, whose stock market activity is relatively recent, and which are classified as emerging markets (Czech Republic, Hungary, Poland, Russia) and frontier markets
The procedure used to evaluate the linkages between these markets begins with the estimation of regional market models. The parameters of the regional market models support the calculation of time-varying Treynor ratios, which are performance measures, and also can provide information on the market prices of risk, if their values are in close proximity, according to the arguments presented by Adcock (2007) . The market model approach to financial integration analysis is strongly supported by financial integration theory, since the seminal article of Solnik (1973) who proposed the first asset pricing model in a perfectly integrated financial market. Further developments were made by Harvey (1991) , who analysed the dependence of the world price of risk on macroeconomic and financial variables, and by Bekaert and Harvey (1995) , who extended Harvey's study, to include the possibility of regime shifts which cause changes on the models parameters.
The market model estimations in the present article use a time-varying betas approach, to take into consideration the possibility of regime shifts. The major part of the articles on the market model, published during the sixties and the seventies, were based on constant betas. However, the issue of betas variability is present in literature since the market-timing procedure proposed by Treynor and Mazuy (1966) to evaluate the betas response to changes in the market conditions. The limits of the explanatory power of constant betas were subject to further analysis by Fama and French (1992) , which showed that they depend on firms and macroeconomic variables, and later by Jagannathan and Wang (1996) , who showed that are unable to explain satisfactorily the average return across different assets. Emerging and frontier stock markets are subject to permanent changes in their assets liquidity, and market capitalization. These changing conditions are natural sources of beta variability, which will be taken into consideration in the present article.
The time-varying betas approach used here is based on a recent contribution to this problem, given by Adcock et al. (2012) , who proposed the inclusion of predetermined information variables to capture beta variability. This procedure is based on the assumption that assets returns are unconditionally distributed as an extended quadratic form of the predetermined information variables. An additional advantage of this method is that it can include the most traditional answer to the beta variability problem, the market-timing procedure, as one of its particular cases. The estimation of the market model with time-varying betas supports the calculation of Treynor ratios, which are both performance measures and essential information on the integration between these markets. The linkages between the Treynor ratios of these markets are estimated by a Vector Auto Regressive Model.
This article is organized as follows. Section 2 presents the theoretical background of the regional market model estimated, and of the comparative performance analysis based on Treynor ratios. Section 3 presents the database and the results of the market models estimation. Section 4 presents the Treynor ratios calculation and the estimation of the Vector Auto Regressive Model, together with Granger and Sims causality tests. The conclusion finishes the article.
Introduction

JoséSoaresdaFonseca LinkagesandPerformanceComparison amongEasternEuropeStockMarket
The stock market model is a relation between the excess expected return of an individual asset or portfolio, and the excess return of a market portfolio. Similarly, an international, or regional, market model is the relation between a domestic market portfolio and an international (worldwide or regional) portfolio, and takes the following representation:
where E t (R i ) is the expected return of the domestic portfolio on period t, E t (R W ) is the expected return of the international portfolio, during the same period, r f,t is the international risk free shortterm interest rate, a i is the autonomous return component of the domestic market (not dependent on the international factor), and b i,t is the sensitivity of the domestic market expected excess return of the international stock market.
The estimation of the international market model in the present article uses two predetermined information variables to explain the beta coefficients variability: the international market current excess return (which is the market-timing variable), and the lagged excess return of the domestic market. The time-varying beta parameters are defined as follows, according to this predetermined information variable approach:
where b i,0 is the beta constant term, b i,1 is the beta term related to market timing effect, i.e., the beta change caused by the international index excess return, and b i,2 is the beta term related to the lagged dependent variable, R i,t-1 -r f,t .
The Treynor ratios, proposed by Treynor (1965) to evaluate funds performance, are given by the following relation between excess return and beta parameters:
The original Treynor ratios were proposed to be calculated with constant betas. In the present article, by the contrary, they are calculated using time-varying betas, dependent on the predetermined information variables. The Treynor ratios differences between a group of countries are caused by their autonomous return, represented by the constant a in the market model. By consequence, if all the countries in the group are perfectly integrated in the international market their autonomous return components are zero, and thus, their Treynor ratios are equal. According to Adcock (2007) , the market price of risk is a performance measure whose value is common to all the assets in a market. This argument can be extended to the international level, when performance measures, here represented by the Treynor ratios have the same value across different markets. In that case, the Treynor ratio value is equal to the international market price of risk, and those markets are perfectly integrated.
The empirical research of the present article uses MSCI (Morgan Stanley Capital International) Indexes of the stock markets under study, expressed in Euros. The database consists of daily Overnight Interest Average (EONIA) was used as a proxy of the short-term interest rate. There are two main reasons to choose this proxy of the risk-free asset. The first reason is the absence of a money market common to this group of countries. The second reason is that EONIA is a variable suitable to represent the short-term opportunity cost of investing in these Eastern Europe countries, from the point of view of an international investor. An equally weighted portfolio, composed by the domestic indexes of the database, was created to serve as regional index in this empirical analysis. The equally weighted portfolio offers several advantages over other international indexes, such as the Emerging Markets Index and the Frontier Markets Index, supplied by MSCI. In fact, none of the two MSCI indexes covers the entire group of stock markets under analysis. Furthermore, the equally weighted index constructed in the present article precludes the estimation bias caused by differences of market capitalization.
The testable version of the model estimated in this empirical analysis is the following:
where R i,t -r f,t is the ex post excess current return of the country i stock index, R W,t -r f,t is the excess return of the regional index, and e i,t is the error term.
The market model was estimated under the assumption that the residual series, e i,t , follow GARCH(p,q) models, according to which their conditional volatility, 2 t h , takes the following general representation:
This procedure corrects the autoregressive heteroskedasticity put in evidence by preliminary estimations. Table I , Panel B, show that the residuals of the estimations are not auto correlated. Table I , Panel C, shows the results of the tests of ARCH effects on the squared standardized residuals. According to these results, the GARCH models estimated entirely eliminate the ARCH effects from the regressions residuals. The estimations results show that GARCH(1,1) is suitable to explain the residual volatility in the estimations of the market model of almost all these domestic indexes, the only exception being Romania, which required a GARCH(2,1). Table II shows the statistics of the time-varying betas, which include the mean, standarddeviation, minimum and maximum. The average of the betas mean is 1.1579. The domestic markets whose mean betas are closer to the average are Estonia, Serbia and Poland. The domestic markets with the mean betas more distant from the average are Hungary and Slovenia, which indicates a weak linkage between these two markets and the others. Additionally, several cases of negative betas calculated for Hungary and Slovenia, preclude the calculation of Treynor ratios for these two markets. Thus the stock indexes of Hungary and Slovenia are excluded from the Treynor ratios linkage analysis, presented in the following section.
Mean
Std Some ex post excess returns have negative values, which produce negative ex post Treynor ratios. As shown by Fonseca (2013) , ex post excess returns must be scaled to be non-negative, by adding a constant, to all of them, when Treynor ratios are used for the purpose of portfolio construction. This procedure was also used in the present article, by adding a constant term, c, to the ex post excess returns, before the calculation of ex post Treynor ratios. The value given to the constant is c= -min(R i,t -r f, t), which, taking into consideration that min(R i,t -r f, t)<0, ensures that positive values are calculated for the Treynor ratios. Thus, the final formula for the modified Treynor ratios, whose basic statistics are presented in Table III, becomes: , , , ,
The basic statistics of the Treynor ratios show that the stock markets whose Treynor ratios mean is closer to the sample average are Estonia, Poland and Serbia. The determination of the VAR lag-length, and the VAR lead-length was based on the calculation of the Akaike Information Criteria (AIC) and the Schwarz Bayesian Criteria (SBC), which are defined, respectively, as follows:
where T is the number of usable observations, |S| is the determinant of the variance/ covariance matrix of the residuals, and N is the total number of parameters estimated in all equations. The determination of the VAR lead and lags lengths was done in two separate steps. In the first step, the number of leads was fixed to be equal to one, and the AIC and SBC statistics were calculated for five different lags, i=1,...,5. The lag-length was chosen according to statistics results in the first step, and it was used as a fixed value in the second step, in which the AIC and SBC statistics were calculated for five different leads, j=1,...,5. The results of the calculation of the AIC and SBC statistics are shown in the Table IV . According to the results shown in Table IV -Panel A) the AIC statistic indicates that the VAR laglength is of 3 lags, while the SBC statistic indicates a VAR lag-length of 1 lag. The 3 lag-length was chosen to be included in the lead-length calculations. The results of these calculations, reported in Panel B, show that AIC and SBC statistics converge to a 1 lead-length. Taking into consideration the AIC and SBC results, the Treynor ratios VAR model used in the causality tests includes 3 lags and 1 lead. The results of causality tests, given by the F statistics of the VAR model estimations, are shown in Table V -Panel A) for Granger causality and in Table V -Panel  B) for Sims causality. According to the statistics significant at the 1%, 5% and 10% levels, the dominant market, in Granger causality, is the Polish stock market, whose lagged Treynor ratios influence the performance of five other markets. This stock market is followed by the Czech, Romanian and Serbian stock markets which have Granger causality on three other stock markets. No significant Granger causality is put in evidence from the stock markets of Bulgaria, Estonia, Russia and Ukraine. The results on Sims causality, presented in Panel B, which are significant at the 1%, 5% and 10% levels, provide evidence that the influence of the forward performance of each market on the other is of five cases, from Czech Republic and Ukraine, four cases from Serbia, three cases from Bulgaria and Estonia, two cases from Romania and one case from Poland and Russia. Note: ***, **, and * denote statistical significance at the 0.01, 0.05, and 0.1 levels.
Table V -VAR Model Causality Tests
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The present article studies the linkages between the Eastern Europe stock markets of Bulgaria, Czech Republic, Estonia, Hungary, Poland, Romania, Russia, Serbia, Slovenia and Ukraine. A regional index was constructed to estimate market models, using an approach with beta parameters depending on predetermined information variables. The markets whose beta values are closer to the whole sample average are Serbia, Estonia and Poland. On the opposite situation are Hungary and Slovenia, with beta values distant from the whole sample average, which indicates a weak linkage between these two markets and the others. Additionally, the market model estimation for Hungary and Slovenia produced several cases of negative betas which preclude their inclusion in the comparative performance analysis. The estimation of the market models was followed by the analysis of the performance causality between these stock markets, through the estimation of a VAR model on their Treynor ratios. The causality tests, supported by the VAR estimation, provided a clear evidence of the reciprocal performance influence across the majority of these markets, both in terms of Granger causality and Sims causality.
